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A COMBINED PASSIVE AND ACTIVE 
NEUROMONITORING METHOD AND DEVICE 

FIELD OF THE INVENTION 

The present invention relates to a method and sensor for obtaining 

5 and analyzing electrophysiological biopotential signals, such as EEG or EMG 

signals. More specifically, the present invention relates to a unitary sensor and a 

method that utilizes passive neuromonitoring during deep levels of sedation and 

active neuromonitoring during low levels of sedation and consciousness. 

BACKGROUND OF THE INVENTION 

10 Neuromonitoring is a subfield of clinical patient monitoring focused 

on measuring various aspects of brain function and changes in the brain function 

caused by drugs commonly used to induce and maintain anesthesia in the operation 

room or sedation in patients under critical or intensive care. 

Electroencephalography (EEG) is a well established method for 

15 assessing brain activity by recording and analyzing the weak biosignals generated 

in the cortex of the brain with electrodes attached on the skin of the skull surface. 

EEG has been in wide use for decades in basic research of the neural systems of 

the brain as well as in the clinical diagnosis of various neurophysiological diseases 

and disorders. 

20 One of the special applications to which a significant amount of 

attention has been devoted during the past few years is use of the processed EEG 
signals for the objective quantification of the brain function for the purpose of 
determining the level of consciousness. The basic idea is to automatically detect if 
the subject or patient is asleep or awake. Specifically, this has become an issue, 

25 both scientifically and commercially, in the context of measuring the depth of 
anesthesia during surgery. The modem anesthesia delivery process uses 
sophisticated techniques combining the balanced use of several drugs for 
maintaining adequate hypnosis, analgesia, muscle relaxation, suppression of the 
autonomic nervous system and blockade of the neuromuscular junction. 

30 The need for reliable monitoring of the adequacy of anesthesia is 

based on both safety and economy related aspects. Too light an anesthesia, or in 



the worst case the patient waking up in the middle of the operation, may cause a 
traumatic experience both for the patient and for the anesthesia personnel. Too 
deep an anesthesia may cause increased perioperative costs through extra use of 
drugs and time and as well as lengthening the time required for the post-operative 
5 care. Too deep of sedation of the ICU patients may also cause complications and 
prolong the expensive usage time for the intensive care theater. 

In certain contexts, the EEG method is also called passive 
neuromonitoring because it is essentially recording the spontaneous electrical 
activity of the brain. Another measurement mode is labeled active 

10 neuromonitoring, in which the responses of the brain to specific external stimuli 
are under investigation. A typical stimulus is a short click of sound, which in turn 
generates a weak EEG response signals in various parts of the brain typically 
within a few tens of milliseconds after the click. The EEG responses are called 
Auditory Evoked Potentials (AEP) which are a subset of Event Related Potentials 

15 (ERP). The stimulus in the ERP method can, for example, be a more complex 
sound burst or even a visual stimulus such as a light flash. The AEP are so weak 
compared to the background EEG that the stimulus and response have to be 
repeated at least 200 times to be able to extract the shape of the response curve in a 
synchronized integration process, in which the background signal of more or less 

20 random nature will be cancelled. 

An AEP response is an attenuating oscillation wave of a few swings 
up and down. All the positive and negative peaks have standardized notations and 
the parameters of interest are the amplitudes of the wave peaks and their delay 
from the stimulus time, which is referred to as latency in this context. 

25 Qualitatively speaking, when the awareness of the subject decreases, the amplitude 
of peaks decrease and their latency increases. 

The AEP's can be divided to various groups depending on the 
latency. The brain stem responses appear during the first 10 milliseconds, the early 
cortical responses from 10 to 80 ms (middle latency AEP's, ML AEP), and the late 

30 cortical responses appear from 80 to 1000 ms (long latency AEP's, LLAEP). So, 



in simple terms, the brain reacts weaker and slower to external stimuli when the 
awareness is reduced, such as during anesthesia. 

During the past few years, several commercial devices for measuring 
the level of consciousness and/or awareness in a clinical set-up during anesthesia 
5 that utilize either passive or active neuromonitoring have become available. 

Passive devices that are based on a processed one-channel EEG-signal have been 
introduced by Aspect Medical (Bispectral Index) and Datex-Ohmeda (Entropy 
Index). An active monitoring device has been introduced by Danmeter (AAI™) 
based on MLAEP with a special auto regression based algorithm to extract the key 

10 features of the signal, and has been marketed for monitoring consciousness and 
awareness of the patient during anesthesia. 

The key difference in the performance capability between these two 
methods is that the modern passive monitoring devices can reliably cover the 
whole range of consciousness from awake and fully alert, through the threshold of 

15 falling asleep, down to the deepest sedation characterized by EEG suppression 
where the EEG signal is reduced to a straight line. Active monitoring devices, on 
the other hand, are able to accurately differentiate the decreasing levels of 
awareness only down to the level of falling asleep. After the patient is asleep, the 
signal disappears and no information is obtained regarding deeper levels of 

20 sedation. 

Based on above, passive monitoring methods are generally more 
useful when the whole range of the consciousness must be monitored, such as in 
measuring the adequacy of anesthesia for keeping the patient safely on an optimal 
level of sleep to prevent inadvertent waking up in the middle of an operation. 

25 However, in many cases patients in intensive care units (ICU) are kept conscious 
and under light or moderate sedation and there is a need to quantify the level of 
sedation objectively. The current practice is to rely upon a subjective assessment 
carried out by the care personnel by verbal or tactile prompting with help of 
standardized scoring tables. However, it is quite common that ICU patients are 

30 kept in deep anesthetic levels of sedation during the first days of intensive care. 
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During this period, any measurement method should also work reliably at the 
deeper levels as well, which is possible only by using the passive method. 

Thus, a need exists for a method of neuromonitoring that can utilize 
passive monitoring methods for monitoring EEG during deeper levels of sedation 
5 while utilizing active monitoring during periods in which a patient is kept 

conscious and under light or moderate sedation. Further, a need exists for such 
monitoring system that utilizes a common sensing element to carry out both active 
and passive monitoring of EEG signals. 

SUMMARY OF THE INVENTION 

10 The present invention is directed to a combined neuromonitoring 

method and device to measure biopotential signals in sedated ICU patients over the 
whole range of sedation from being fully alert to the complete suppression of EEG. 
The present invention utilizes an integrated sensor combining an acoustic emitter 
and multiple EEG electrodes on a single, lightweight disposable component. The 

15 method of the present invention utilizes active monitoring during light sedation and 
passive monitoring during deep sedation with adequate intelligence to handle 
transition from one mode to another. 

Briefly, the system of the present invention incorporates a control 
unit that is coupled to both an active monitoring module and a passive monitoring 

20 module. The passive monitoring module is utilized to record the spontaneous 

electrical activity of the brain by monitoring EEG signals. The passive monitoring 
module is particularly desirable in monitoring the level of sedation when a patient 
is deeply sedated. 

The active monitoring module of the system of the present invention 

25 utilizes external stimuli to induce a weak EEG response signal in various parts of 
the brain. This response, referred to as auditory evoked potentials (AEP), is 
particularly desirable in determining the level of sedation when the patient is 
awake or only moderately sedated. The control unit of the present invention 
selects between the active and passive monitoring modules depending upon the 

30 sensed level of sedation. As an illustrative example, the control unit utilizes active 
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monitoring when the patient is at Ramsay levels R1-R3 and utilizes passive 
monitoring when the patient is at Ramsay levels R4-R6. The control unit displays 
the output of only the active or passive module depending upon the sensed level of 
sedation. 

5 The monitoring system utilizes a unitary sensor that includes a 

plurality of electrode areas formed in a base strip. Each of the electrode areas has 
an electrode that is placed in contact with the skin of a patient to receive 
biopotential signals from the patient. The base strip is coupled to the control unit 
such that the control unit receives the single channel EEG signal data from the 
10 electrodes. 

Preferably, the electrodes are also configured to detect AEP signals 
when the system is used in an active monitoring mode. Thus, the single base strip 
can be utilized during both active and passive monitoring situations. 

The unitary sensor constructed in accordance with the present 
15 invention includes an extension strip that includes an acoustic emitter at its distal 
end. The acoustic emitter is coupled, through a pair of leads, to the control unit 
such that the acoustic emitter can be utilized to create acoustic stimuli during 
active monitoring. Preferably, the acoustic emitter is surrounded by a soft, flexible 
plug such that the acoustic emitter can be received within the patient's ear. The 
20 extension strip extends from the base strip a sufficient distance such that the base 
strip can be placed on a patient's forehead while the acoustic emitter contained at 
the distal end of the extension strip can be positioned in a location proximate the 
patient's ear. Thus, the single unitary sensor constructed in accordance with the 
invention can be utilized for both active monitoring using acoustic stimuli and 
25 passive monitoring. 

Various other features, objects and advantages of the invention will 
be made apparent from the following description taken together with the drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 
The drawings illustrate the best mode presently contemplated of 
30 carrying out the invention. 
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In the drawings: 

Fig. 1 is a general schematic illustrating the method of utilizing the 
active and passive patient monitoring in accordance with the present invention. 

Fig. 2 is a graphic illustration of a typical AEP signal during a level 

of sedation; 

Fig. 3 is a general view of the unitary, multi-electrode biopotential 
signal sensor and acoustic emitter of the present invention in use with a patient; 
and 

Fig. 4 is a plan view of the sensor of the present invention showing 
the side of the sensor applied to the skin of the patient. 

DETAILED DESCRIPTION OF THE INVENTION 

In order to understand the present invention and the method of 
selecting between active and passive neuromonitoring, the Ramsay Score (RS), 
which is used to signify six different levels of sedation, will be used throughout the 
foregoing description. Listed below is a chart illustrating the six levels of the 
Ramsay Score and the clinical response of the patient for each level: 



Sedation Score 


Clinical Response of the Patient 


RS 1 


Awake/agitated 


RS2 


Lightly sedated 


RS 3 


Moderately sedated 


RS 4 


Deeply sedated, responds to nonpainful stimuli 


RS 5 


Deeply sedated, responds to painful stimuli 


RS 6 


Deeply sedated, unresponsive to painful stimuli 



When using passive methods for determining the level of sedation 
20 within a patient, problems arise during Ramsay levels RSI to RS3 when utilizing 
EEG measurements taken from the forehead of the patient. These problems are 
primarily related to the artifacts introduced into the measured signals that are 
generated by eye movement and the electrical activity of the frontal muscle 

6 
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(EMG). When the patient is in the Ramsay levels RSI to RS3, active monitoring 
includes inherent benefits, since during levels RSI to RS3, the low frequencies 
introduced into the EEG measurement related to eye artifacts can be filtered out 
and the contribution of the EMG is also removed by averaging the signal over a 
5 large number of impulses. Although active monitoring in Ramsay levels RSI to 
RS3 has proven to be very useful, active monitoring by utilizing sound stimuli is 
useless in subjects with impaired hearing. 

One type of active monitoring using sound stimuli is taught and 
described in published PCT patent application WO 01/74248 and is included in the 

10 AAI™ monitor available from Danmeter. In active monitoring using auditory 
stimulation, an auditory stimulus, such as a click, is supplied to the patient, which 
in turn generates a weak EEG response in various parts of the brain typically 
within a few tenths of a millisecond after the click. The EEG response is called an 
auditory evoked potential (AEP). 

15 The criteria for continuing to use active monitoring is typically 

defined as a minimum amplitude of the relevant AEP peak that is reliably 
detectable. When the amplitude of the peak gets smaller than an acceptable 
threshold, which typically occurs between Ramsay levels RS4 and RS5, the active 
monitoring system no longer becomes reliable. 

20 One illustrative example of the passive monitoring is described in 

published PCT patent application WO 02/32305, which is typically carried out to 
provide an indication of the depth of anesthesia that a patient is experiencing. As 
described above, the passive monitoring module is particularly desirable for 
determining the depth of sedation when a patient is in the Ramsay levels R4 to R6, 

25 while the active monitoring module is particularly desirable in determining the 
level of sedation when the patient is in Ramsay levels Rl to R3. 

Referring now to Fig. 1, thereshown is a general schematic 
illustration of the system of the present invention. As illustrated, the present 
invention is directed to a combined passive and active neuromonitoring system 10. 

30 The system 10 generally includes a central control unit 12 connected to both an 
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active monitoring module 14 and a passive monitoring module 16. The control 
unit 12 selects between the active monitoring module 14 and the passive 
monitoring module 16 depending upon the Ramsay level of sedation and the 
received EEG signal from the combined sensor 18. The combined sensor 18, that 
5 will be described in greater detail below, includes both a base strip 20 including 
multiple electrodes and an extension strip 22 that includes an acoustic emitter that 
allows the system of the present invention to carry out both active monitoring and 
passive monitoring by utilizing the same common sensor 18. As discussed above, 
in the preferred embodiment of the invention, the active monitoring module 14 can 
10 be the type of signal processing described in published PCT patent application WO 
01/74248 while the passive monitoring module can be the type shown in published 
PCT patent application WO 02/32305. It should be understood that other active 
and passive systems could be utilized while operating within the scope of the 
present invention. 

15 In accordance with the present invention, the criteria for determining 

whether to utilize the active monitoring module or the passive monitoring module 
is determined by a minimum amplitude of the relevant AEP peak that can be 
reliably detected. When the amplitude of the AEP peak falls below a threshold 
value, which typically occurs when the level of sedation reaches Ramsay levels 

20 RS4 and RS5, the control unit 12 of the system 10 switches over to display the 
results on display 22 that are obtained by the passive module 16. When the 
relevant AEP peak is greater than the threshold value, the control unit 12 displays 
the results obtained by the active monitoring module 14. 

Although the criteria for determining whether to utilize the active 

25 monitoring module or the passive monitoring module is described in the present 
invention as being related to the amplitude of the relevant AEP peak, it should be 
understood that various other criteria could be utilized while operating within the 
scope of the present invention. It is important that the control unit include software 
that allows the control unit to monitor some type of threshold value and, based 

30 upon the threshold value, select between the active monitoring module 14 and the 



passive monitoring module 16. The selection of the threshold value can vary 
depending upon the various active and passive monitoring modules, as well as the 
software contained within the control unit 12. 

It should be understood that the system 10 of the present invention 
5 can utilize both the active and passive modes running simultaneously since these 
two modes do not interfere with each other. However, the control unit 12 typically 
displays only one of the two results to avoid complicating the already complicated 
intensive care data environment. 

Typically, the passive monitoring module 16 is faster and is able to 

10 calculate a result from a time window of between five and fifteen seconds. The 
active monitoring module 14, on the other hand, can generate a sequence of AEP 
with 256 consecutive repetitions of impulses in approximately two minutes. 
However, the requirement for a fast response from the active monitoring module 
14 is not necessary in monitoring an ICU patient over several days. 

15 Referring now to Fig. 2, thereshown is a typical AEP signal 25 from 

a patient at a sample level of sedation. In the graph of Fig. 2, the peak of the signal 
is measured from the peak 26 (N b ). The latency of the signal is measured as the 
amount of time that has passed from applying the stimulus until the peak 26, as 
measured by time frame 28 in Fig. 2. In the example shown in Fig. 2, this latency 

20 period is approximately 45 milliseconds. 

Although many methods of determining the amplitude of the peak 
can be used, one example is to measure the peak-to-peak difference between peak 
26 (N b ) and peak 27 (Pi), as illustrated by amplitude 30. Typically, the value of the 
amplitude 30 is not critical, but rather the difference of the amplitude 30 from a 

25 baseline is the measured criteria. 

Typically, the amplitude 30 and the latency 28 are patient-dependent 
such that absolute values for these two measurements cannot be used as threshold 
levels. Preferably, if a measurement is available at Ramsay level RSI, the 
threshold can be defined based on these relative values. For example, the control 

30 unit 12 can include an algorithm that is programmed to switch from the active 
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monitoring module 14 to the passive monitoring module 16 when the amplitude 30 
has dropped below 20% of its maximum value. If the measurement is used in 
typical ICU situations during the first days of care when the patient is emerging 
from deep sedation, the moment when the passive mode indicates the return of 
5 consciousness can be used as a criteria to move from the passive monitoring 
module to the active monitoring module. As discussed previously, the passive 
monitoring module is preferably used when monitoring a patient in Ramsay levels 
RS4 to RS6, while active monitoring module 14 is used when the patient is in 
Ramsay levels RSI to RS3. 
10 When a patient is in a level of sedation between Ramsay level RS3 

and Ramsay level RS4, the control unit 12 utilizes software including fuzzy logic 
that takes into account both the information from the active monitoring module 14 
and the passive monitoring module 16 to determine which monitoring mode to use 
on the display 24. 

15 Although the system 10 shown in Fig. 1 utilizes both an active 

monitoring module 14 and a passive monitoring module 16, the system 10 is 
preferably utilized with a single sensor 18 developed in accordance with the 
present invention. 

Referring now to Fig. 3, the sensor 18 of the present invention is 

20 shown applied to the forehead of a subject, such as patient 32. The sensor 18 has 
three individual electrodes 34, 36 and 38 that provide a single channel of EEG 
signal data to the control unit of the monitoring computer 40 through a single cable 
42. Although a computer 40 is shown in Fig. 3, it should be understood that other 
types of processing components could be utilized to receive the data from cable 42. 

25 In addition to being able to generate an EEG signal, the sensor 18 

also functions as an AEP sensor such that the single sensor 18 can be utilized with 
both the active and passive monitoring modules of the present invention. 

Referring back to Fig. 3, the sensor 18 includes an extension strip 22 
that extends from the base sensor strip 20 and is received within the patient's ear 

30 44. The extension strip 22 is received within the patient's ear 44 to deliver auditory 
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stimuli that are used by the active monitoring module 14 to induce the generation 
of an AEP signal that can then be sensed by the sensors 34, 36 and 38 placed on 
the patient's forehead. 

Referring now to Fig. 4, thereshown is a detailed schematic 
illustration of the sensor 18 constructed in accordance with the present invention. 
As described previously, the sensor 18 includes a base sensor strip 20 and an 
extension strip 22. The base strip 20 and the extension strip 22 are formed as a 
unitary element of injected molded plastic material, such as polycarbonate plastic. 
The sensor 18 includes the common connector 45 connected to the cable 42. 

As shown in Fig. 4, the base strip 20 includes the individual 
electrodes 34, 36, and 38, each of which include a lead 46 that extends to the 
connector 45. The leads 46 allow the individual electrodes to communicate to the 
control unit through the cable 42. 

Each of the electrodes includes an outer surface that can be placed 
adjacent to the skin of the patient when the sensor and the plurality of electrodes 
are in use. In the embodiment shown in Fig. 4, there are three electrode areas 34, 
36 and 38 to provide the three biopotential signals needed to form a single channel 
of the EEG signal data. 

The portions of the base strip 20 not occupied by the electrode areas 
34, 36 and 38 are formed to possess a desired degree of flexibility so as to allow 
the sensor 18 to conform to the contours of the skin of the patient on which the 
sensor 18 is placed. A variety of techniques may be used to render these portions 
of the base member flexible. For example, the portions of the base strip 20 may be 
sufficiently thin in a direction normal to the surface to render it flexible. For 
materials having the properties of polycarbonate plastic noted above, the thickness 
of the portions of the base strip 20 may be less than 0.5 millimeters, for example, 
0.2 to 0.5 millimeters, or the portions of the base members may be perforated with 
holes to provide the desired amount of flexibility to the base strip 20. 

The surface of the base strip 20 that will be adjacent to the skin of the 
patient may be provided with a coating of adhesive 48 to assist in retaining the 

11 



sensor 18 on the skin of the patient. Preferably, adhesive layer 48 is provided on 
the portions of the base strip 20 not occupied by the sensors 34, 36 and 38. 

It is not ordinarily necessary to use a wetting agent or conductive gel 
in conjunction with the sensor 18 since the base strip 20 can include microspikes to 
facilitate obtaining the biopotential signal. This feature, plus the ability to apply a 
plurality of electrodes at the same time, reduces the time needed to apply 
electrodes to the skin of the patient in the manner required to obtain the desired 
biopotential signal data. 

The sensor 18 of the present invention includes the extension strip 22 
that extends away from the base strip 20 but yet is connected to the connector 45. 
The extension strip 22 is formed of sufficient length to reach the ear 44 of a patient 
when the sensor 18 is applied to the patient as shown in Fig. 3. Referring back to 
Fig. 4, the extension strip 22 extends to an outer end 50 that includes an acoustic 
emitter 52. The acoustic emitter 52 is coupled to a pair of leads 54 that extend 
through the extension strip 22 and are joined to the cable 42 through the connector 
45. The cable 42, in turn, is coupled to the control unit 12, such that the active 
monitoring module 14 can generate audible stimuli through the acoustic emitter 52. 

In the preferred embodiment of the invention, the acoustic emitter 52 
is surrounded by a soft, flexible plug 55 that can be fitted into the ear 44 of the 
patient 12. The soft plug 55 is designed such that the plug 55 stays in place in the 
ear channel of the patient for at least 24 hours. In accordance with the present 
invention, the entire sensor 18, including the extension strip 22 and acoustic 
emitter 52 are designed as a disposable product. 

In traditional active acoustic monitoring methods, a significant 
amount of effort was placed in developing headphones or earphones that could be 
used to transmit the acoustic stimuli to the ear. Such high quality headphones or 
earphones are expensive and may not be practical in long-term, routine clinical use. 
Further, no solid evidence exists that the quality of the AEP signal can be 
improved by utilizing hi-fi compatible sound generators. The acoustical emitter 52 
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shown in Fig. 4 is a simple, miniature sound/click generator at the end of the 
extension strip 22 which is capable of reaching the ear channel of a patient. 

Although the acoustic emitter 52 is shown in Fig. 4 as fitting within 
the ear of a patient, it should be understood that the acoustic emitter 52 could be 
5 placed behind the back of the ear and transmit the acoustic stimuli to the patient 
through the bones of the skull behind the ear. 

In the Figures of the present disclosure, the acoustic emitter 52 is 
shown placed in the right ear of the patient. However, it is possible that the patient 
may be hearing impaired in the right ear and not the left ear. Therefore, it is 
10 contemplated that an identical sensor could be designed such that the acoustic 
emitter 52 would be received in the left ear. The two mirror-image sensors could 
be stored in inventory and the correct sensor used when monitoring a patient that is 
hearing impaired in one ear and not the other. 

In the preferred embodiment of the invention, the extension strip 22 
15 is formed from the same material as the base strip 20 such that the extension strip 
and base strip can be formed as a single component. 

Although the present invention is shown in the Figures as including 
an integral sensor including both the EEG electrodes and the acoustic emitter, it is 
contemplated that the system of the invention could be operated utilizing a sensor 
20 for detecting EEG signals from the forehead of the patient that is separate from an 
acoustic emitter. In this alternate system, the control unit would still control the 
active and passive monitoring modules and would selectively display the level of 
sedation from only one of the active monitoring module or the passive monitoring 
module. In this alternate configuration, currently available sensors and acoustic 
25 emitter could be utilized. 

Various alternatives and embodiments are contemplated as being 
within the scope of the following claims particularly pointing out and distinctly 
claiming the subject matter regarded as the invention. 
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